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(71) We. GKN Sankey Limitbd, a 
British Company of Albert Street Works, 
Bilston in the Comity of Stafford, and Aro 
Plastics Development Limited (formerly 
5 Aro Plastic Building Suppubs Limited). 
a British Company of 32 Old Burlington 
Stireet, London W.l. do hereby declare the 
invention for wlhich we pray that a patent 
may be granted to us and the method by 
10 which it is to be performed to be particu- 
larly described in and by the followmg 
statement: — 

This invention relates to methods of and 
apparatus for,, making articles comprising a 
15 rigid reinforcement armature encapsulated 
in thermoplastic material which is moulded 
about the reinfoircement 

In the making of such articles, the 
plastics material is moulded in a flowable 
20 state about the armature at high pressure 
and it is necessary to hold the armature in 
position in the mould cavity during mould- 
ing to prevent it being displaced by the 
plastics material as the latter flows. 

It has been proposed to hold the ar- 
mature in position in the mould cavity by 
projections which extend from the wkus of 
the mould cavity and to withdraw these 
projections duriiig moulding so that the 
30 spaces left by the withdrawal of the projec- 
tions are filled with plastics material. Thus 
the armature is held during the initial 
stages of the moulding by the projections 
and when the plastics material sub- 
35 stantially fills the mould cavity the hydro- 
static pressure therein increases the viscos- 
ity of the plastics material sufflcientiy to 
hold the armature in position during the 
final stages of moulding. 
40 We have found that in some cases- an 
article produced by this method has wit- 
nesses or depressions in its surface where 
the plastics material has not completely fil- 
led the spaces left by the projections as 
45 they are withd rawiL We belieye that these 



wituesses or depnessions are caused by har- 
dening of the material in contact with, and 
in the region of, the projections which are 
normally made of steel. 

Where the plastics material is thermo- 50 
plastic, the mould is cooled to harden the 
material and the plastics material hardens 
from the outside, i.e. the mould walls, in- 
wardly and from the inside, i.e. the ar- 
mature, outwards unless the armature has 55 
been preheated in which case the (harden- 
ing from the inside outwardly will be de- 
layed. If the plastics material solidifies 
around the free end of a projection as the 
latter is withdrawn then this can prevent 60 
the whole of the space left by the projec- 
tion being filled by the material with the 
consequent producticwi of a witness or de- 
pression as described. 

It is an object of the invention to over- 65 
come, or at least reduce the effect of, the 
above problem 

According to one aspect of the inventicm 
we provide a method of moulding thermo- ' 
plastic material about a rigid reinforcement '3|0 
armature comprising holding the armature 
in a mould cavity by means of projections 
which extend from the walls of the cavity 
^d which engage the armature, moulding 
die thermoplastic material by pressure and 7l5 
while flowable around the armature and 
projections, abstracting heat from the cav- 
ity through the walls of the cavity to har- 
den the tiiermoplastic material in contact 
therewith so as to form a sMn around a 8( 
flowable mass of the material while de- 
laying the hardemng of die material in \ 
contact with the projections until aft^ for- ] 
mation of the skin by controlling the trans- 
fer heat through said projections, with- 
drawing the projections, while said material 
is still under pressxire, into the cavity walls 
while the part of said material in the ul- 
terior of the cavity is sufficientiy flowable 
to be forced to flow under said pressure to 90 
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fiU the spaces left by withdrawal of the 
projections aod continuing to abstract heat 
tim>ugh the walls of the cavity until the 
whole of the thermoplastic material in the 
5 cavity has solidified. 

By controlling the heat flow through the 
projections we prevent the premature har- 
dening of the material adjacent thereto and 
thus ensure that when the projections are 
10 withdrawn the spaces left by theur with- 
drawal are filled with the flowable plastics 
material. 

The transfer of heat through the projec- 
tions may be abstraction of heat from the 
15 cavity but at a slower rate than through 
the walls. The projections may, zs 
scribed below, include or be mounted in 
material which has a lower thermal con- 
ductivity than the material of the mould 
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In an alternative arrangement, heat is 
transferred into the cavity through the 
projections until the withdrawal of the 
protections into the cavity walls. 

The moulding is preferably carried out 
by injection. 

Ac«)rding to another aspect of the in- 
vention we provide apparatus for moulding 
th^mo-plastic material about a ri^d re- 
30 ipforcing armature and comprising rela- 
tively movable mould parts arranged to 
provide a mould cavity; projections mova- 
bly mounted on one or more of said parts: 
actuating means for moving the projectioos 
35 between operative positions in which they 
project mto the cavity and can locate the 
armature therein and inoperative positions 
in which they are retracted from the cav- 
itv; first means in said parts to abstract 
40 heat from the cavity by transfer of heat 
through the walls of the cavity; and second 
means associated with said projections to 
control transfer of heat along the projec- 
tions so that such latter transfer abstracts 
45 heat at a rate less than said former trans- 
fer or is such as to pass heat into the cav- 
ity. 

The projections may comprise material 
which has a lower thermal conductivity 
fO than the material of the mould parts, such 
material comprismg said second means. 
The free end portions of the projections 
may be formed ctf, or coated with said 
material of lower thermal conductivity or 
55 each projection may include a sleeve of 
said material adjacent to, but spaced from, 
the free end of the projection, the sleeve 
being located within the cavity when the 
proiection is in its operative position. In 
60 another arrangement, each projection may 
include a core of said material of lower 
thermal conductivity. 

Altemativelv, the second means may 
comprise bushes in the mould parts of 
o5 material of lower thermal conductivity than 



the material of the mould parts, the 
projections being movable in said bushes 
which are located adjacent to the cavity. 

In a still further arrangement, the second 
means may comprise heaters within the 
projections, for example electric heaters. 

In a still further arrangement, the second 
means may cause fluid to flow through the 
projections to heat the projections. 

The invention will now be described in 75 
detail by way of example witii reference to 

the accompanying drawings in which: 

FIGURE 1 is a cross-sectional view of 
apparatus embodying the inv^toin for 
carrying out the metiiod of the invention 80 
shoywng the projections in their operative 
positions. 

^GURE 2 is a view similar to Figure 1 
but showmg the projections in their in- 
operative positions; 55 

FIGURES 3, 4 and 5 are sections 
through the mould cavity of tiie apparatus 
of Figure 1 showmg three successive stages 
of moulding; and 

FIGURES 6 tt> 10 are detail sections 90 
tiurough the mould cavity of the apparatus 
of Figures 1 aM 2 but showing different 
forms of means for controlling heat flow 
along the projections. 

Referring now to Figures 1, 2 the appar- 95 
atus comprises a bottom plate 10 on which 
are mounted apertured spacer blocks 11 
tiie blocks having apertures 12 to receive 
hydraulic jacks 13. Secured to the tops of 
the spacer blocks 11 is a plate 14 havmg 100 
apertures 15 to give passage to the jacks 

«oi^?^T^^^^ is formed by a Ipwfir moulds 
£^WfiJiaving in its upper surface a slot 
mdi^ted generaUy at 17 and having a 105 
lower, narrower part 18 and an upper 
wider part 19. This slot partiafly defines 
the mould cavity and co-operates with an 
upper mould part^ which is received in 
the upper slot pafrT9 when the mould is 110 
closed, the upper mould part being carried 
by a top plate 21. The mould cavity is in- 
dicated generaUy at 22, The lower die part 
IS provided with a bore 23 in which is 
mounted an ejector pin 24 movable by an 115 
ejector plate 25 connected to a hydraulic 
jack, not shown, the ejector plate is guided 
by puis 26 secured to the plate 14. The 
mould parts 16 and 20 arft fnrm^ri ^rf^h 
"E^S^ gs 16a and 20a respectively tlirmiph- 12 0 
which coolm g water ma^v be passed to WT ^ i 
jacn mermopTastif! in^aterial which has been \ 

"^^ctedjijto-theTrouia cavityr 

"—Woimted in the lower mould part 16 are 
two sets of projections, two of which are 1 
indicated at 27. The projections are 
slidable in bores 28 in the lower die part 
from operative positions shown in Figure 1 
in which they project into tiie die cavity 22 
to inoperative positions shown in Figure 2 
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in which the free ends of th© projections 
ai© flush with tihe walls of the lower nar- 
rower part 18 of the slot 17. 

The outer ends of the projectians 27 are 
secured to sliders 29 which are movable 
horizontally to effect the movement of the 
projections between their operative and in- 
operative positions. Each sMeo: 29 has an 
inclined bore 30 therein in which is 
slidable a pin 31. The pins 31 are in turn 
secured to sliding blocks 32 connected to 
the piston rods 33 of the hyidraulic jacks 
13. the cylinders of the jacks being secured 
at 34 to the lower die part 16. 

It will be apparent that, starting with the 
parts in the positions shown in Figure 1, 
with the projections 27 in their operative 
positions, if the slidable blocks 32 are 
moved downwardly by opeiration of the 
jacks 13 the sliders 29 will move apart 
thus moving the projections 27 to their in- 
operative positions as shown in Figure 2. 

The apparatus shown in Figures 1 and 2 
is intended for the manufacture of a win- 
dow frame in which there is a rectangular 
rednfordng armature embedded in thermo- 
plastic material. It will be apptreciated, 
however, that the invention may be applied 
to the manufacture of other articles and 
the mould cavity and armature \sill be 
shaped accordingly. 

Referring now to Figure 3 an armature 
35 is received in the mould cavity 22 and 
is I-shaped in cross, section. The armature 
tbus provides two oppositely directed re- 
cesses 36 in wfhich ^ respectively received 
the free end portions of the projections 27. 
The armature is thus located against ver- 
tical movement and is prevented from 
horizontal inoveanent by the dispositions of 
the projections 27 around the mould cav- 
ity. The armature comprises a central part 
37 and flanges 38 and 39. 

Each projection 27 is made substantially 
of metal, e.g. steel, but has a reduced por- 
tion 40 at its free end and this reduced 
portion is surrounded by a tip 41 of 
material which is a poor conductor of heat, 
for example sintered aluminium oxide. The 
tip is shaped to fit into a recess 36 to 
locate the armature and it will be seen that 
the tip is of sufficient axial length to ex- 
tend into the lower mould part 16 when 
the projection is in its operative position as 
shown in Figure 3 i.e. its position locating 
the armature 35. The tips 41 are shown as 
having substantial thickness but they could 
be formed of a .^ in coating of sintei gd 
aluminium oxide '^ ^^j me other cemESc 
material on tiie free end P OTtions of the" 
"projections 27. — — 

The method^ is carried out as follows.- 
The bottom and top plates 10 and 21 res- 
pectively are secured to the lower 
and upper platens of a moulding 



press. The mould is opened by moving 
the top plate 21 upwardly. The armature 
35 is ^ then placed in the mould cavity. It is 
preferred that the cavity is in the form of 
an endless channel which in plan view is 70 
rectangular so that a frame member, 
particularly a vdndow frame, is formed 
therein by carrying out the method. 

The armature 35 is placed in the cavity 
with the projections 27 retracted to the 75 
positions shown in Figure 2 by appropriate 
opCTation of the jacks 13. Moreover, the 
ejector, pin 24 has its free end substantially 
level with the position of the lower surface 
of the armature thus to support it at the 80 
desired level. The jacks 13 are then oper- 
ated to move the projections 27 inwardly 
so that they engage the armature and, due 
to its shape, fully locate it It will be noted 
that the longitudinal axes of all the projeo- 85 
tions lie in a sjingle plane. The armature is 
held against movement in the plane of the 
drawing by engagement of the pins with 
the armature and is held against movement 
in planes perpendicular to the drawing by 90 
the disposition of the pins around the ar- 
mature. 

When the core is located by the pins 27, 
the ejector jin 30 is retracted to the posi- 
tion shown m Figure 1 in which the upper 95 
end of the ejector pin is level with the bot- 
tom of the slot 17. The cavity is now 
closed by introducing the upper die mem- 
ber 20 into the slot and the tool assumes 
the position shown in Figure 1. 100 

Thermoplastic material is now forced 
into thedie cavitv 22 througO i runners (not 
giown) an^ since the moma-rormgana 

are cd Oi^d by ihu ^iiLulciaun ul U>ld , 
water through the water passage I6a and 105 
20a, the thermoplastic material hardens 
and forms a skin where the material is in 
contact with the mould parts. This skin is 
indicated at 42 in Figure 3. Depeioding on 
the temperature of the armature 35. a skin HO 
may also form around the armature, such 
a skin being indicated at 43. If the ar- 
mature has been preheated before being 
placed in the mould cavity then the forma- 
tion of the skin 43 will be delayed. There 115 
will be a flowable mass of the plastics 
material between the skins 42 and 43, Due 
to the fact that the tips 41 of the projec- 
tions 27 are made of a material which has 
a lower thermal conductivity than the 120 
material from which the mould parts 16 
and 20 are made, the formation of a skin 
such as 42 around the tips 41 i.e. in the 
areas 44 in Figure 3 will be delayed since, 
heat cannot flow from the central, mass 45|ll25 
of flowable material through the tips .41 as| 
rapidly as the heat can flow away throu 
the mould parts 16 and 20. * 

The projections 27 are now withdra„^ 
as shown in Figure 4. Since the tips 41 aid 130 
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of a material which is not a good con- 
ductor of heat a skin does not form across 
the ends of the projections as the latter are 
withdrawn so that immediately after with- 
5 drawal the position will be as shown in 
Figure 4 with the skin 42 interrupted 
across the ends of the projections. The 
mass 45 of fluid material can now flow 
into the spaces in the mould cavity vacated 

10 by the projections 27. such spaces bemg 
cross-hatched in Figure 4 and indicated by 
the reference numeral 46. 

Cooling now continues and as shown in 
Figure 5 the skin 42 will spread across the 

15 ends of the projections as indicated at 47 
and gradually the whole mass of material 
within the mould cavity will harden. It will 
be appreciated that the mould cavity will 
be full of material before the projections 

20 27 are withdrawn and therefore further 
material will be supplied to the cavity 
through the runners to fill the spaces 46 
left by vdthdrawal of the projections 27. It 
will be seen, that the projections^ locate the 

25 armature 35 during the initial jailing of the 
mould and the armature is held in position 
by the hydrostatic pressure of the material 
in the mould during and after the with- 
drawal of projections 27; 

30 We have found that by delaying the for- 
mation of the skin such as 42 ^ound the 
projections 27 the skin which forms at 47 
in Figure 5 has its outer surface level with 
the adjacent parts of the other surface of 

35 the skm 42 and there are substantially no 
witnesses or depressions formed. 

Various arrangements may be used to 
control the heat flow through the projeo- 
tions. Thus referring first to Rgure 6, this 

40 shows the use of projections 48 each com- 
prising a metal shank 49 which is provided 
with an internally threaded bore 50 in its 
free end. Received in the bore 50 is the 
threaded shank 51 of a headed stud 52. 

45 The shank 51 is of lesser diameter than 
the shank 49 and tiie shank 51 of the stud 
carries a ceramic sleeve 53 between the 
head of the stud and the end of the shank 
49, 

50 Figure 6 shows the projections 48 in 
their operative positions in which they 
locate an I-section armature 54 in a die 
cavity 55 and it will be seen that the 
ceramic sleeves 53 project into the mould 

55 cavity and insulate the plastic material 56 
from durect contact with the metal parts of 
the projections. There will obviously be 
some heat flow along the projections through 
the armature 54 and the heads of the studs 

60 51 but the total flow of heat along the pro- 
jections will be controlled by the sleeves 53 
and will be such as to prevent the formation 
of a skin adjacent to the projections as des- 
cribed in relation to Figures 3 to 5. When 

o5 the projections are moved to their inopera- 
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tive positions the heads of the studs will be 
flush with the walls of the die cavity 55. 

Figure 7 shows a further arrangement m 
which there is a mould cavity 57 containing 
an I-section armature 58. as described 70 
above. In this case the projections 
59 are made of metal and are recived in 
ceramic bushes 60 which are mounted in 
the walls of the mould cavity 57 so as to 
be adjacent to the cavity. Heat can flow 
from the plastics material 61 in the cavity 
into the projections but is prevented by the 
bushes 60. for some axial length of the 
projections, from flowing dhrectiy from the 
projections into the adjacent mould part 62 80 . 
thus the heat flow along the projections is 
controlled and the formation of a skm can 
be controlled as described above in relation 
to Figures 3 to 5. When the projections are 
withdrawn to their inoperative positions the 85 
ends 63 of the projections are flush with 
the walls of the mould cavity. 

Referring now to Figure 8, this shows a 
istill further arrangement in which there is 
shown a mould cavity 64 having an ar- 90 
mature 65 therein of I-section all as de- 
scribed above. La this case, the projections 
66 are made as hollow metal cylinders 67 
with solid ends 68 and received within 
each cylinder 67 is a core 69 of ceramic 95 
material which is a poor conductor of heat 
It will be seen that in this case heat can 
flow from the plastics material 70 into the 
projections but the cross-sectional area 
available for the ready flow of heat is 
small due to the provision of the cores 69. 
This arrangement prevents the formation of 
a skin in the area adjacent to the projec- 
tions 66 as described in relation to Figures 
3 to 5. 

Referring now to Figure 9, this shows an 
arrangement in whidi heat is transferred 
from the ppjectibns~^ tolEe^iSsficTrtafSffl 
in the cavity. Referring to this Figure, a 
mould cavity is indicated at 71 having 
therein an armature 72 of I-section. 
Mounted in a mould part 73 are two 
projections 74 each of which is slidable in 
a bush 75 of thermally insulating material 
mounted in the mould part adjacent to the 
cavity. Redeved in each projection 74, 
which is in the form of a hollow cylinder 
with closed end, is an electric heating 
elemeiit indicatsLat 76. During the initial 
moulding wEen the projections are in their 
operative positions as shown in Figure 9, 
el^tricity is supplied to tiie elements 76 
and heat is transmitted through the hollow 
cylinders forming the projections and 
which are of metal to retain the plastics 125 
material in contact with the projections in 
a flowable state so as to prevent a skin 
such as 42 forming in the cavity adjacent 
to the projections. When the projections j 
are withdrawn to their inoperative positions 30 
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with the dosed ends flush with the walls 
af the mould caAdty, one of the slidin g 
blocks 3 2 operates a 'microswitch_ _77 
'Ehroup'^an am 78 and roller 19 and in- 
5 terrugts^&e_^!a>pl5^^ 
hea tefFin the pfojgctica ^thus enabling t he 
'plasQcs materiairin contact witE the end 
portions thereof to harden. 
Referring now to Figure 10. This shows 

10 a mould cavity 80 having an armature 81 
of I-section received thereia and located by 
projections 82, in lihe manner described 
above. Each projection is in the form of a 
hollow metal cylinder 83 having a closed 

15 end 84. Projecting into the hollow cylinder 
is a feed pipe. 85 for liquild, the feed pipe 
termiuating short of the closed end of the 
cylinder. The projections are shown in 
their operative positions in which they 

20 locate the armature by engaging in the re- 
cesses therein. Hot oil or other liquid is 
passed along the pipes 85 and flows out of 
the projections along the annular space be- 
tween the pipes and the inner surfaces of 
. 25 the metal cylinders. The heat supplied to 
tihe projections by the oil or other liquid 
maintains the plastics material adjacent to 
the projections in a flowable form with the 
advantages described in relation to Figures 

30 3 to 5. When the projections are with- 
drawn to their' inoperative positions in 
which the closed ends 84 are flush with 
the walls of thej mould cavity the supply of 
oil through the projections is cut off by 
means of a microswitch operated as de- 
scribed in relation to Figure 9. 

It will be seen that the invention 
provides an effective arrangement for de- 
laying the hardening of thermo plastio ma- 
terial adjacent to the sui)porting projections 
before the latter are withdrawn and this 
enables a good surface finish to be ob- 
tained on the moulded article. 
WHAT WE CLAIM IS:-- 
1. A method of moulding thermoplastic 
material about a rigid reinforcement ar- 
mature comprising holding the armature in 
a mould cavity by means of projections 

^ which extend from the walls of the cavity 
and which engage the armature^ moulding 
the thermoplastic material by pressure and 
while flowable around the armature and 
projections, abstracting heat from the cav- 
ity through the walls of the cavity to har- 

55 den the thermoplastie material in contact 
therewith so as to form a skin round a 
flowable mass of the material while de- 
laying the fliardening of the material in 
contact with the projections until after for- 

60 mation of the skin by controlling the trans- 
fer of heat through said projections, with- 
drawing the projections, while said material 
is still tmder pressure, into the cavity walls 
while the part of said material in the in- 

o5 tenor of the cavity is sufficiently flowable 



to be forced to flow imder said pressure to 
fill the spaces left by withdrawal of the 
projections, and continuing to abstract heat 
through the walls of the cavity until the 
whole of the thermoplastic material in the 70 
cavity has solidified. 

2. A method according to Claim 1 
wlhere heat is abstracted from the cavity 
through said projections at a slower rate 
than heat is abstracted through the walls. 75 

3. A method according to Claim 1 
wherein heat is transferred into the cavity 
through said projections until the with- 
drawal of the projections into the cavity 
walls. gQ 

4. A method according to any pre- 
ceding claim wherein the thermoplastic 
material, is moulded about the armature by 
injecting moulding. 

5. Apparatus for moulding thermo- g5 
plastic material about a rigid reinforcing 
armature and comprising relatively 
movable mould parts arranged to provide 

a mould cavity; jHrojections movably 
mounted on one or more of said parts; ac- 90 
tuating means for moving the projections 
between operative positions in which they 
project into thet cavity and can locate the 
armature therein and inoperative positions 
in which they are retracted from the car- 95 
ity; first means in said parts to abstract 
heat from the cavity by transfer of heat 
through the walls of the cavity; and second 
means associated with said projections to 
control the transfer of heat along the lOO 
projections so that such latter transfer 
abstracts heat at a rate less than said for- 
mer transfer or is such as ta pass heat into 
the cavity. 

6. Apparatus according t o Qaim 5 105 
wherein the projections comprise material 
which has a lower thermal conductivity 
than the material of the mould parts and 
which comprises said second means. . 

7. Apparatus according to Claim 6 no 
wherein the free end portions of the 
projections are formed of or coatsed with 
said material of lower thermal con- 
ductivity. 

8. Apparatus according to Claim 6 115 
wherein each projection includes a sleeve 

of said material of lower thermal con- 
ductivity disposed adjacent to, but spaced 
from, the free end of the projection, said 
sleeve being located within the cavity when 120 
the projection) is in its operative position. 

9. Apparatus according to Claim 6 
wherein each projection includes a core of 
said material of lower thermal con- 
ductivity. 

10. Apparatus according to Qaim 5 
wherein said second means comprises 
bushes in the mould parts and of material 
of lower thermal conductivity than the 
material of the mould parts, the projec- 130 
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tions being movable in said bushes which 
are located adjacent to the cavity. 

IL Apparatus according to Claim 5 
wherein the second means comprises heat- 
5 ers within the projections. 

12. Apparatus according to Claim 5 
wherein the second means comprise means 
for causing fluid flow throu^ the projec- 
tions to heat the projections. 

13. An article comprismg a reinforcing 
armature embedded in thermoplastic 
material and made by the method accord- 
ing to any of Claims 1 to 4. 

14. A method of making an article 
15 comprising a reinforcing armature embed- 
ded in thermoplastic material substantially 
^ hereinbefore described with reference to 
the accompanjong drawings. 

15. Apparatus for making an article 
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comprismg a reinforcing armature embed- 
ded in thermoplastic material substantially 
as hereinbefore described with reference to 
and as shown in Figures 1 to 5 of the ac- 
companying drawings. 

16. Apparatus according to Claim 15 
but modified as described in relation to 
and as shown in any one of Figures 6 to 
10 of the accompanying drawings. 

FORRESTER, KETLEY & CO., 
Chartered Patent Agents, 
Rutland House, 
148 Edmund Street, 
Birmingham B3 2LD 

— and — 
Forrester House, 
52 Bounds Green Road, 
London Nil 2EY. 
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